Introduction
============

In 1684, Antonie van Leeuwenhoek presented to the Royal Society of London and commented on the number of "animicules" noted within the scurf of a man's teeth.[@b1-opth-10-2455] This is the first known microscopic observation of a biofilm. For over 300 years, little was known about biofilms, and research was uncommon. Biofilm implications in all of human disease were vastly underappreciated.[@b2-opth-10-2455] In the past 20 years, however, biofilm research has burgeoned, with complicated but fascinating interactions between bacteria, host, and their environment now being revealed.[@b2-opth-10-2455],[@b3-opth-10-2455] In a similar vein, the term "blepharitis" first appears in the literature in the 1800s, but like biofilm research, little progress was made over the subsequent 100+ years in terms of understanding or treating this disease.[@b4-opth-10-2455] While we have made some strides since the days of "Great German Eye Water" to treat "weak or inflamed eyes", blepharitis remains a poorly defined disease, with the use of confusing and inaccurate terminology and considerable misunderstanding on the part of practitioners.[@b5-opth-10-2455],[@b6-opth-10-2455] The fact that there are multiple overlapping symptoms and pathologies intertwined within dry eye syndrome makes the picture even murkier.[@b7-opth-10-2455] However, if one examines the eyelid margins more closely in terms of biofilm formation, this natural bacterial phenomenon can serve as a bridge of understanding between two poorly understood diseases, namely dry eye and blepharitis. We can now link them together with one common source of pathology. What becomes clear is that dry eye and blepharitis become one entity, that is, dry eye blepharitis syndrome (DEBS), reflecting in fact one disease process, not two different ones. What may now be learned is that DEBS presents in different stages throughout a person's life.

In 1946, Phillip Thygeson, MD, described blepharitis as "a chronic inflammation of the lid border".[@b8-opth-10-2455] Unfortunately, over time, this accurate definition of blepharitis has been somewhat lost, and replaced with the clinical finding of lash or lid "scurf" acting as one of our main diagnostic clues. This was due to a combined misunderstanding of the disease and the ease with which we can see the lash and lid debris at the slit lamp. Surprisingly, in spite of the very nature of the word blepharitis (blepha = lid, ritis = inflammation), inflammatory lid disease lacking lash and lid debris would often lead the practitioner away from the diagnosis of blepharitis, as if having "scurf" was a prerequisite for having the disease.[@b9-opth-10-2455] Additionally, it is no coincidence that the word scurf, a nondescript, "catch-all" word, used in dentistry since 1684, but not in modern times, is still used as a vague, non-defining term in ophthalmology.[@b9-opth-10-2455] This demonstrates a lack of precision and understanding of the lid margin disease process.

The first step to understanding DEBS is to understand and use the term blepharitis correctly. It should be used to describe lid inflammation. It does not mean "scurf" within the lash line. The second step is to realize that the normal lid margin flora bacteria, primarily *Staphylococcus aureus* and *Staphylococcal epidermidis*, become over-colonized and undergo a change in pathogenicity during a patient's lifetime.[@b10-opth-10-2455] Thygeson in 1946 recognized that "abnormal *Staphylococcus* colonization" was associated with blepharitis.[@b11-opth-10-2455] The question then becomes, how do we go from a normal colonization of *Staphylococcus* with little pathology when we are young, to over-colonization of *Staphylococcus* with inflammation and significant pathology as we age? The answer lies in the biofilm, the most basic of bacterial survival strategies.[@b12-opth-10-2455] This article takes the reader stepwise from bacterial survival through the six steps of lid margin disease ([Figure 1](#f1-opth-10-2455){ref-type="fig"}), culminating in the four stages of DEBS which will tie together dry eye disease, blepharitis, and meibomian gland dysfunction (MGD).

To change the way we understand and treat dry eyes requires a reevaluation of existing evidence and intuitive reasoning. With the help of recent research regarding bacterial biofilms and virulence factors, we can now appreciate the change going from healthy lids when we are young, to inflammatory lid disease as we age in essentially six logical steps. However, none of these steps provide new information, new research, or is based on any new studies. Each step of this new theory, taken individually, is well proven, researched and available in the current literature. Understanding DEBS involves taking existing and proven concepts and putting them together with what we already know, to tell the story of blepharitis and dry eye disease in a new logical way that becomes intuitive based on the concept of the bacterial biofilm as basic to the pathophysiology of this syndrome.

Lid margin disease involves six steps, which are related to bacterial changes culminating in inflammation: Bacterial survivalBiofilm formationOver-colonizationQuorum-sensing gene activationVirulence factor productionInflammation.

Bacteria have survived on this planet for billions of years. They did not do this as free-floating planktonic bacteria. They were able to survive the eons by building a strong, rigorous, impenetrable defense structure known as a biofilm.[@b13-opth-10-2455] Absalon et al[@b14-opth-10-2455] and Pickering et al[@b15-opth-10-2455] refer to the biofilm as "the prevailing microbial lifestyle" meaning that free-floating (planktonic) bacteria would be the exception in nature.

The biofilm proves to be an excellent defense structure by allowing bacteria to avoid desiccation, avoid host defense responses on or within other living systems, produce virulence factors, liberate and concentrate nutrients, and communicate with other bacterial species, thus enhancing survival strategies across species.[@b16-opth-10-2455] Biofilms are easily encountered in nature as plaque on the teeth or "gunk" clogging industrial piping.[@b17-opth-10-2455] They are what make rocks slippery in creek beds and your dog's water bowl slimy within a few days of being outside on a summer day.[@b17-opth-10-2455] They are manufactured and inhabited by a diverse mix of bacteria and are composed of a polysaccharide/protein matrix.[@b18-opth-10-2455] These sticky strands of biofilm adhere easily to any surface and are not easily dislodged, allowing the bacteria to remain in a desirable environment. In fact, *S. epidermidis* and *S. aureus* produce a protein called adhesin, which essentially functions as a bacterial superglue, ensuring a tight adherence to the desired surface.[@b19-opth-10-2455]

"Biofilms grow virtually everywhere, in almost any environment where there is a combination of moisture, nutrients, and a surface."[@b20-opth-10-2455] Add in the inherent warmth of the lid margin and it makes an ideal surface for biofilm formation. When one considers that biofilms are found in deserts, on glaciers, and around deep-sea vents at the bottom of the ocean,[@b21-opth-10-2455] it should come as no surprise that biofilms easily develop on the lid margin. It is well known that the lid margin is home to normal flora bacteria consisting of *S. aureus*, *S. epidermidis*, and to a lesser degree *Corynebacterium* spp. and *Propionobacterium* spp. It is also well known that both species of *Staphylococcus* are prolific biofilm formers, especially *S. epidermidis*.[@b22-opth-10-2455] A recent study by Kivanç demonstrated that 32 out of 34 isolates cultured from eyes immediately after cataract surgery were indeed positive for being biofilm formers.[@b23-opth-10-2455]

The biofilm binds water and also provides protection from host defenses, two elements essential for bacterial survival. Biofilms act like an armor, impenetrable to white cells as well as antibiotics and povidone-iodine scrubs.[@b24-opth-10-2455] This multi-laminar substrate also provides more surface area for bacterial replication, allowing for a vast over-colonization within the biofilm structure. Although the primary biofilm former is *S. epidermidis*, *S. aureus* also readily contributes to biofilm formation. It truly is, as Watnick and Kolter describe, a city of microbes, that is, diverse bacteria all living together in one complex community.[@b25-opth-10-2455] Biofilms have been implicated in a wide array of different diseases, both chronic and acute. Otitis media, bacterial endocarditis, cystic fibrosis, and Legionnaires' disease along with many nosocomial infections have all been related to biofilms.[@b26-opth-10-2455]

To avoid getting soap in our eyes when we wash our face, we instinctively keep our eyes tightly shut, lid margin against lid margin, effectively blocking access to an area that needs cleaning as much as or more than any other area of the body. In fact, there is only one place on the entire human body that never gets routinely cleaned during our entire life, the eyelid margin. Therefore, the biofilm accumulation builds up microscopically year after year, layer upon layer. It never willingly disperses, dissolves, or sloughs. No home scrub regimen can effectively reduce, and certainly eliminate, the adherent "superglued" biofilm layer upon the lid margin. Because of this, the population densities along the lid margin continue to increase within this biofilm as we age, eventually resulting in a vast over-colonization.[@b27-opth-10-2455] We believe that as the biofilm thickens, the bacterial numbers continue to increase, and the inflammation continues to worsen, explaining why blepharitis and dry eye worsen with age. This process starts much earlier in contact lens wearers, since the contact lens is itself an inert foreign body allowing bacteria to avoid host defense and get a head start, producing a very early biofilm. Biofilm formation on contact lens and contact lens cases has been well documented.[@b28-opth-10-2455] This also explains why dry eye disease is more common in contact lens wearers, 50% compared to 14% in controls.[@b29-opth-10-2455]

The over-colonization within the biofilm and increase in bacterial populations is what leads to quorum-sensing gene activation.[@b30-opth-10-2455] Quorum-sensing gene activation ([Figure 2](#f2-opth-10-2455){ref-type="fig"}), discovered by Hastings, was a groundbreaking study opening a brand new door to the understanding of bacterial virulence.[@b31-opth-10-2455] Hastings demonstrated that populations of bacteria can sense when their densities achieve a certain quorum, and once that number or density is reached, dormant genes are activated.[@b32-opth-10-2455] These newly activated genes produce a wide array of virulence factors, many of which are extremely inflammatory.[@b33-opth-10-2455]

How do the bacteria communicate with one another once a gene-activation quorum has been reached? Bacteria communicate with one another using a chemical messenger called homoserine lactones (HSLs), and also, by using electric currents produced by potassium ions.[@b34-opth-10-2455] While most bacteria produce HSLs, whether planktonic or within a biofilm, it is only the biofilm populations that are fixed within a close enough proximity to each other which are able to communicate, and only within a biofilm is the HSL and potassium ion concentration high enough for communication to take place.[@b35-opth-10-2455] We believe that it is these virulence factors from the newly activated genes which are the real destructive force in inflammatory lid disease, causing low-grade, chronic inflammation on the lid surface and eventually within the structures of the lid margin such as lash follicles, meibomian glands and connective tissue, eventually affecting the accessory lacrimal glands as the inflammation inexorably marches forward.

Although *S. epidermidis* produces small amounts of a phenol-soluble modulin, which is a moderate cytolytic toxin, the primary virulence factor producer is *S. aureus*.[@b36-opth-10-2455] *S. aureus* produces a vast array of highly toxic, highly destructive, and highly inflammatory proteins.[@b37-opth-10-2455],[@b38-opth-10-2455] These include two groups of exoproteins, namely exotoxins and enzymes. It is well known that exotoxins are extremely immunogenic, many of which are classified as super-antigens capable of activating large amounts of T cells resulting in immense release of cytokines, and thus, excessive inflammation. Important exotoxins include toxic shock syndrome toxin responsible for toxic shock syndrome, staphylococcal enterotoxins A, B, C, D, E, G, H, and I responsible for food poisoning and exfoliative toxins A and B responsible for scalded skin syndrome.[@b39-opth-10-2455],[@b40-opth-10-2455] The enzymes produced consist of nucleases, proteases, lipases, hyaluronidase, and collagenase, all capable of destroying host tissue.[@b41-opth-10-2455] In addition to exoproteins, cytolytic toxins are also produced including at least three types of hemolysins and two types of leukocidins, all capable of destroying or damaging cells, further adding to the inflammatory cascade.[@b42-opth-10-2455] One additional virulence factor worth special mention is polysaccharide intercellular adhesin (PIA), which is produced by a gene cluster known as the ica operon.[@b43-opth-10-2455] PIA acts as the aforementioned superglue for biofilms, helping to hold them together as a structure, as well as anchoring them in place within the environment.[@b43-opth-10-2455]

This toxic virulence factor soup is within, on top of and under the biofilm, constantly exposing the lid margin tissue and related glands to a host of toxins that, when found in other areas of the body, can cause acute, severe debilitating disease as in scalded skin syndrome, food poisoning, and even death, as in the case of toxic shock syndrome.[@b44-opth-10-2455] Wherever a thick biofilm exists, quorum-sensing gene activation eventually occurs followed by virulence factor production, whether on the lid margin or within the lash follicles, meibomian glands, or accessory lacrimal glands. We can see what this cauldron of inflammatory mediators does to not only these structures but eventually nerve endings and even the connective tissue of the eyelid, which can affect the structural integrity of the eyelids.[@b45-opth-10-2455] When exposed to this toxicity on a continual, unrelenting basis for decades, the resulting inflammation is nonselective in what it damages.[@b46-opth-10-2455] Nothing in the eyelid is immune.[@b47-opth-10-2455] We believe that it is a testament to the body's ability to defend itself that severe lid damage does not occur much more quickly than it does in this toxic environment. As opposed to toxic shock syndrome, food poisoning, scalded skin syndrome, etc., the disease of DEBS spans multiple decades of a patient's life, and has multiple manifestations depending on whether it is an early or a late disease.[@b48-opth-10-2455]

This exceedingly slow but chronic disease process with its various presentations has led to much confusion over the years in identifying and understanding the etiology and progression of dry eye disease.[@b49-opth-10-2455] We tend to focus on the immediate presenting problem and not what preceded it. For instance, when a patient presents with meibomian disease, we tend to ignore the involvement of the lash follicles, and tell the patient that he/she has evaporative dry eye.[@b50-opth-10-2455] When the lacrimal glands are involved and there is little-to-no tear lake, we tell the patient that he/she has aqueous insufficiency, ignoring or not realizing that the meibomian glands were affected for many years prior to that visit.[@b51-opth-10-2455],[@b52-opth-10-2455]

The four stages of DEBS
=======================

Inflammatory lid disease has essentially one etiology, namely the multiple virulence factors produced by the existing bacteria within a mature biofilm. Once we accept this domino effect of pathology origin, the clinical manifestations of inflammatory lid disease can then be examined, explained and easily learned. Every aspect of lid margin disease can be understood by looking at the lid anatomy, the duration of the presence of a biofilm and the associated virulence factors along the lid margin. We should avoid confusing terminology such as anterior or posterior blepharitis, staphylococcal blepharitis or seborrheic blepharitis. These distinctions are really distractions and do not serve to accurately describe the stage or duration of disease. We must learn that lid inflammation cannot be avoided once these highly inflammatory virulence factors begin to be produced. We must understand that inflammation does not discriminate. Every structure in the lid is eventually affected. It simply takes some structures longer to be affected than others. The biofilm does not self-destruct and rarely if ever gets effectively removed, and therefore, the inflammatory process is relentless.[@b53-opth-10-2455],[@b54-opth-10-2455] Once it begins, it exists for the remainder of the patient's life.[@b55-opth-10-2455]

Biofilm on the lid margin ([Figure 3](#f3-opth-10-2455){ref-type="fig"}) probably forms very early in life during the toddler stage of life, or even earlier. However, at this stage in life, pathology typically does not occur simply because the microscopic biofilm is not thick enough to support a large population for quorum sensing to occur. We certainly do see exceptions, however, with young children occasionally being afflicted with a severe form of blepharitis.[@b56-opth-10-2455] For this to occur, a child probably requires two bacterial species simultaneously colonizing the eyelids, a prolific biofilm-forming *S. epidermis* in conjunction with a virulent strain of *S. aureus* whose quorum-sensing numbers are, for whatever reason, set too low.[@b57-opth-10-2455] Further research into these children's lid bacterial profiles would likely yield valuable information regarding pathogenesis.[@b58-opth-10-2455]

In the majority of the population, the biofilm must be present for decades before it can accommodate the numbers of bacteria necessary for quorum sensing to occur.[@b59-opth-10-2455] As previously mentioned, biofilms form wherever there is a "combination of moisture, nutrients and a surface".[@b5-opth-10-2455] This certainly describes the lid margin, and therefore, it is safe to assume that the biofilm formation starts on the surface of the lid margin, including the lash line, extending back to just beyond the meibomian gland openings.[@b60-opth-10-2455] The constant sweeping action of the lids across the cornea, conjunctiva, and lid margin (ie, blinking) and the flushing of tears play a mechanical role[@b61-opth-10-2455] in preventing significant biofilm accumulation on palpebral or bulbar conjunctiva.[@b62-opth-10-2455] Certainly, the antibacterial proteins of the tear film, lactoferrin, and lysozyme, play an important role.[@b63-opth-10-2455] The goblet cells, however, probably play an even more significant part in mechanical prevention of biofilm accumulation as well as physically protecting the epithelium.[@b64-opth-10-2455]

Goblet cells of the bulbar and palpebral conjunctiva are similar to goblet cells elsewhere in the body.[@b65-opth-10-2455] A common theme is that goblet cells are prominent in areas that are constantly exposed to bacteria of the outside environment, such as the gut, lungs, vagina, sinuses, and eyes.[@b66-opth-10-2455] Goblet cell functions have been much better studied in the gut and lungs and less so in the conjunctiva.[@b67-opth-10-2455],[@b68-opth-10-2455] Inferences can be made, however, enabling us to draw some tentative conclusions as to the protective role of conjunctival goblet cell mucus.[@b69-opth-10-2455] The function of the goblet cell is to produce mucus, the main component of which is mucin, in areas that, technically speaking, are "outside" of the human body. Mucin, a viscous fluid of highly glycosylated proteins, gives the mucus its gel-like characteristics. While the goblet cell has a baseline secretion at all times, the majority of mucus produced is done so through stimulated secretion due to irritants from the local environment.[@b70-opth-10-2455],[@b71-opth-10-2455]

While goblet cell mucus appears to have at least some antibacterial properties, the abundance of research related to the mechanical characteristics leads one to suspect that this is the primary protective mechanism. In the large intestine for instance, there are two layers of mucus: the outer housing the commensural bacteria[@b72-opth-10-2455] and the inner layer providing an impenetrable layer to bacteria, thus protecting the underlying epithelial cells from bacterial exposure.[@b73-opth-10-2455] The small intestine lacks the inner, impermeable layer, but still protects by providing a diffusion gradient and a rapid turnover that bacteria must overcome to access the epithelial cells.[@b74-opth-10-2455] Mucus also performs an immune-regulatory role by limiting antigen presentation to the epithelial cells, thus controlling excessive immune responses in the gut. It may well play the same role on the surface of the eye, an area constantly exposed to potential antigens, not only from the lids but also from the environment.[@b75-opth-10-2455] This mechanical protection is certainly one of the roles, if not the main role, of conjunctival goblet cells as well. By providing either a resistant diffusion gradient or an impenetrable barrier, the result is the same: protecting the eye by preventing bacteria from accessing the epithelial cells. In addition, since biofilm creation requires a stable surface, moisture, and nutrients, the constant turnover of conjunctival mucus together with the sweeping action of blinking prevents a stable surface and thus prevents a successful buildup of biofilm. It is therefore important to maintain a healthy goblet cell population to help prevent biofilm buildup directly on the conjunctiva.

However, in spite of a protective mucus layer, certain ocular pathologies may be attributable to tear film virulence factors that, over time, have damaged goblet cell population much the same way that lash follicles and meibomian glands are damaged from long-term inflammation and cytolytic effects. While it is known that mucus can protect against the actual bacteria from contacting the epithelium, it is not known if it can prevent the abundance of inflammatory bacterial virulence factors from contacting the epithelium, and therefore affecting the goblet cells.[@b76-opth-10-2455] In fact, it is doubtful that it can. If the mucus layer is permeable to twice-daily (BID), thrice-daily (TID), or once-a-day glaucoma drops, antibiotics, steroids, nonsteroidals, etc., it is quite possible, if not likely, that it is permeable to at least some of the abundant *S. aureus* exotoxins, cytolytic toxins, and enzymes that are not once daily, BID, or TID in contact with the eye, but are in constant contact with the ocular surface. If these virulence factors and cytokines were contacting the epithelium, they would eventually have a deleterious effect on the goblets cells. Like atrophy of meibomian glands, patients may be slowly losing their goblet cell population over time due to the same constant, chronic inflammatory process.[@b77-opth-10-2455]

Let us take it one step further. Many of these toxins may be able to do exactly what medicinal eye drops do: penetrate to the inside of the eye. Indeed, what would prevent them? If this were to occur, it could be responsible for a slow, long-term damage to the trabecular meshwork, either through a subclinical (little-to-no cell/flare) inflammatory process or by a slow but direct meshwork cellular damage from the cytolytic toxins and enzymes, and would therefore parallel lid margin disease. If this were true, it may in part explain why the incidence of glaucoma increases with age: a thicker biofilm, more toxins, and longer exposure on the surface and within the eye causing damage to the lid margin structures as well as structures within the eye, as we age. Would it not be an astounding revelation that glaucoma could be treated and possibly prevented by a regular and thorough lid hygiene and enhanced protection by regular electromechanical debridement (microblepharoexfoliation \[MBE\]) of the lid margin biofilm!

Stage 1 DEBS involves the lash follicles. Since there exists a potential space between the lash and surrounding follicle, the biofilm can fairly easily access this space by extending down along the inert eyelash and surrounding tissue. Once virulence factor production begins, the small lash bulb can become inflamed relatively quickly. This inflammation is evidenced clinically by noting the "volcano" sign that occurs as edematous follicular tissue swells up around the base of the lash. Additionally, the swollen area can take on a pale appearance ([Figure 4](#f4-opth-10-2455){ref-type="fig"}). This may be due to compression of capillaries due to edema, or maybe the increased presence of transudate within the tissue, or both, causing pallor when compared to the surrounding inflamed tissue. As the lash grows, small pieces of biofilm adherent to the lash will be pulled off of the lid margin ([Figure 5](#f5-opth-10-2455){ref-type="fig"}) resulting in what is known as collarettes. What has always been called scurf, debris or even lash dandruff along the lid margin should now be recognized as simply pieces of a sticky bacterial biofilm, pulled free from the primary layer on the lid margin. One can now understand why these collarettes appear at different levels along the eyelashes, since the lashes are all growing at different times and stages. In [Figure 5](#f5-opth-10-2455){ref-type="fig"}, one can notice near the top of the picture a collarette that is just beginning to separate from the lid margin biofilm. Further down the lash line, the collarettes appear further from the lid margin since these are older eyelashes. Other manifestations can include "cylindrical dandruff", hardly a term that implies any clinical accuracy.[@b78-opth-10-2455] It is difficult to imagine how dandruff can form cylinders around an eyelash. "Cylindrical dandruff" most likely represents biofilm that accumulates around the lash while still deep within the follicle, in its dormant stage, or an accumulation of biofilm sticking to and surrounding the base, effectively sheathing the slow-growing lash. Since these lash follicles are usually damaged by this point, the rate of growth is slower allowing the biofilm accumulation to "keep up" with growth, effectively pipe-stemming the lash.[@b78-opth-10-2455]

It has been repeatedly suggested that cylindrical dandruff is pathognomonic for Demodex infestation.[@b78-opth-10-2455] However, since the Demodex does not excrete waste products, it is equally difficult to imagine how this pipe-stemming can be attributed to Demodex. This notion of cylindrical dandruff being pathognomonic stems from a 2005 article by Gao et al, which found that all their patients with cylindrical dandruff had Demodex.[@b78-opth-10-2455] They discount earlier studies without the same findings as cases of "miscounting".[@b78-opth-10-2455] Even if the 100% incidence in this one study is completely accurate, a cause and effect still cannot be drawn. In a later article by Tsubota et al, the authors state "Demodex was detected in the cilia of 8 out of 10 (80%), and 22 cilia out of 30 (73%) with cylindrical dandruff."[@b79-opth-10-2455] While these numbers certainly suggest an association, a high association should not imply causality. The fact that 73% of the lashes with cylindrical dandruff had Demodex should suggest just the opposite, no causality. The authors' conclusion that "Demodex might be the pathogen causing blepharitis with cylindrical dandruff" is just simply overstated.[@b79-opth-10-2455],[@b80-opth-10-2455] It is much more likely that these eyelids have a longer history of an abundant biofilm, resulting in not only more diseased follicles with slower lash growth and a stacking of biofilm but also a higher likelihood that Demodex has, over the years, found its way to a copious and nutritious food supply in the form of a polysaccharide biofilm. In other words, it is probably a high association due to one common factor, namely an abundance of biofilm.

Collarettes, clumping, mattering, and eyelids stuck together upon awakening, are all manifestations and evidence of bacterial biofilm along the lid margin. Interestingly, in late-stage disease (40--50 years of chronic inflammation), we sometimes see significant lid inflammation without collarettes or "scurf" in the lash line, mistakenly leading the clinician to a diagnosis other than blepharitis. At this stage of disease, however, the lash bulb is likely so badly damaged that the lashes are barely growing, if at all, and thus are no longer pulling off small amounts of biofilm from the margin. What is seen at this stage is a paucity of lashes, which are falling out, and not growing back. By looking closely, one can notice extremely swollen lash follicles in [Figure 4](#f4-opth-10-2455){ref-type="fig"}. Women, who complain of not being able to wear mascara any longer because their lashes are not growing back, have probably been suffering from 50 to 60 years of follicular inflammatory damage to the eyelashes.

Stage 2 DEBS involves the lash follicles and the meibomian glands. Meibomian involvement always occurs after follicular involvement due to the anatomical size and the relative difficulty of accessing the meibomian gland compared to the lash follicle. The meibomian gland has a narrow ductule. This characteristic, along with the constant flow of meibum out of the gland, effectively impedes the growth of biofilm into the gland. Once inflammation does start within the gland, the shear size of the gland (5--10 times larger than a lash follicle) means that it takes much longer for inflammation to negatively affect the working of the gland.[@b81-opth-10-2455] How much longer will be determined by the biofilm-building and virulence factor characteristics of the particular bacteria, but we estimate that at least 10--15 years of follicular involvement would precede meibomian involvement, but this number may be much smaller given that early meibomian gland disease often goes unrecognized. Obvious vs nonobvious MGD is a recent topic of discussion and can also be explained with the biofilm theory. Nonobvious MGD ([Figure 6](#f6-opth-10-2455){ref-type="fig"}) can be thought of as a layering of biofilm within meibomian gland.[@b82-opth-10-2455] Inflammatory damage has begun, the ductule is probably blocked and decreased lipids or at least abnormal lipids now make up the meibomian secretions. Since lipid deficiency or abnormal lipids are characterized by an increased melting point, the secretions become thickened, mixing with biofilm, leading to a "toothpaste" quality, which eventually results in drastic decrease in functional lipids.[@b83-opth-10-2455] Since the meibomian glands are just layered with biofilm, but not at capacity, expression may not elucidate the "toothpaste" secretions.[@b84-opth-10-2455] Obvious MGD ([Figure 7](#f7-opth-10-2455){ref-type="fig"}), on the other hand, is when inspissation and capping, or peaks over the gland openings, is noted on examination. While the composition of these peaks or caps has never been effectively studied, it is not difficult to imagine that it is a combination of biofilm mixed with diseased meibum, "meibofilm" ([Figure 7](#f7-opth-10-2455){ref-type="fig"}). A meibomian gland will become full of this "meibofilm", and as production of biofilm continues, these secretions have nowhere to go except out of the ductule, and will appear as little domes trapped under the original lid margin biofilm. When these glands are expressed, one is much likely to be "rewarded" with copious amounts of meibomian sludge or inspissated secretions.[@b84-opth-10-2455] Nonobvious MGD is a layering of the gland with these altered secretions, while obvious MGD is a gland that is full and distended with the secretions trying to escape out of the ductule.[@b84-opth-10-2455],[@b85-opth-10-2455] Hence, the difference is simply one of degree. Lipid deficiency is noted in both states and is the main pathologic sequelae of both. An automated heat-and-express procedure, such as Lipiflow, is the best way to remove these altered secretions from within the glands, and therefore remove the source of virulence factors and inflammation within the meibomian gland.[@b86-opth-10-2455]

Stage 3 DEBS involves the follicles, meibomian glands, and now the accessory lacrimal glands of Wolfring and Krause. These numerous tear glands, responsible for baseline aqueous production, are well protected from the activity along the lid margin.[@b87-opth-10-2455],[@b88-opth-10-2455] The ducts of these glands empty along the inside lid, up near the fornices. The sheer distance from the lid margin biofilm, the narrow ducts, and the constant flushing activity of tear production all serve to protect these glands for many generations. However, the lid margin biofilm is constantly shedding small bits of biofilm into the tear film through dispersal ([Figure 8](#f8-opth-10-2455){ref-type="fig"}). After 40--50 years of a daily dispersal of hundreds of bits of biofilm, eventually a bit of biofilm finds its way to the glands of Krause and Wolfring. We theorize that they are the last group of tear glands to become infiltrated by biofilm, and therefore, the last to succumb to the effects of inflammatory damage from biofilm virulence factors. We can prove to ourselves that these are simply different stages of the same disease, if we closely examine what we see clinically. We see many patients in our practices, probably every day, who present complaining of burning, irritation, difficulty seeing, and eyes that are tearing excessively. These are the patients who are difficult to refract because their vision changes with each blink. Examination reveals a deficient lipid layer and evaporative dry eye. Trying to explain to the patients that they have a form of dry eye is sometimes difficult, since watery eyes are a common complaint. Therefore, clinically, we see many patients with aqueous production who are deficient in lipid production. These patients have diseased meibomian glands but still healthy accessory glands of Krause and Wolfring. The question we should now ask is, do we ever see this clinical picture reversed, with lots of lipids, healthy meibomian glands but deficient aqueous production? Unless we are dealing with an autoimmune process, such as Sjogren's syndrome, it is virtually impossible to see an aqueous-deficient patient without MGD. If aqueous deficiency were a separate disease process, we should, at least on occasion, expect to see diseased glands of Krause and Wolfring present together with healthy meibomian glands. We would expect to see aqueous deficiency sometimes occurring independently or before meibomian disease, but we rarely, if ever do. We always see aqueous deficiency follow MGD because these different states of dry eye are the same disease process, with one being the earlier manifestation, and one being the latter. Again, it is worth repeating that Stage 2 DEBS will always precede involvement of Krause and Wolfring due to the anatomical location and morphology of the glands.

By the time we have Stage 3 DEBS (aqueous insufficiency), the follicles have been subjected to chronic inflammation for many decades and are sometimes so badly damaged in Stage 3 that lash growth is attenuated, and hence, there may be little-to-no biofilm noted among the eyelashes, since a growing lash is a requirement to having bits of biofilm pulled from the lid margin. Lashes fall out and may not regrow, or regrow very slowly. Looking closely, one may find significant swelling around the base of the lash along with pallor as in [Figure 4](#f4-opth-10-2455){ref-type="fig"}.

Stage 4 DEBS is when the structural integrity of the eyelid begins to break down. Since inflammation eventually affects everything within the lid margin, connective tissue, muscle, and nerve endings all become damaged and lose their functionality.[@b89-opth-10-2455] Lid laxity, entropion, ectropion, and floppy eyelid syndrome are all manifestations of end-stage chronic inflammatory lid disease.[@b90-opth-10-2455] These are the patients who surprise us when we ask how bad their lids are bothering them, and they reply that they have no symptoms. After decades of inflammatory damage and lid destruction, the nerves endings are no longer capable of signaling discomfort. It is also possible to have very little biofilm noted on these eyelids when the lid has been dry for many years. Since bacteria need moisture to grow and produce biofilms, the eventual dry eye they cause may actually degrade their once-ideal environment to the point where they cannot sustain large colonies in the face of a desiccated lid margin and may actually have less biofilm. By this point, however, the damage to the lid and the tear glands is already done and may be irreversible. Once one understands that DEBS is a singular disease process that presents in stages, over decades, throughout a person's lifetime, everything we see clinically makes sense. It explains the overlap of the so-called anterior blepharitis with posterior. DEBS explains why we do not see isolated cases of aqueous deficiency. It explains why the disease worsens with age. It explains the asymptomatic patient with severe lid disease findings. DEBS also explains the elderly lady who cannot wear her mascara any longer because she has lost so many lashes. It explains why we sometimes do not see biofilm within the lash line in advanced disease states. The lack of knowledge with regard to the presence of lid margin biofilm explains why everything we have thrown at this disease over the last 100 years has failed. Nothing we have done has had any impact whatsoever on the chronic, ever-present biofilm. It also suggests why a thorough mechanical biofilm removal of the lid margin may have such a profound impact on patient's symptoms, quality of tears, and quality of life.[@b91-opth-10-2455]

A well-known fact is that the etiology of endophthalmitis is related most commonly to the patient's own lid flora. These are biofilm-forming bacteria. The aforementioned Kivanç study demonstrated that these biofilm formers are present and even able to survive a surgical prep of Betadine.[@b23-opth-10-2455] By performing a thorough electromechanical debridement (electric rotatary sponge cleaning) of the patient's lids, we should be able to at least theoretically reduce the incidence of post-cataract infection. In addition, by removing the biofilm from the lid margin and meibomian glands, we should expect a better lipid layer and therefore better post-op vision. In a similar way, patients who have undergone refractive surgery, such as laser in situ keratomileusis, photorefractive keratectomy, and phototherapeutic keratectomy, should also benefit from an electromechanically debridement of their lid margin through improvement of the lipid layer. Contact lens wearers are known to develop early blepharitis and dry eye disease, and it is well known that contact lens develop adherent biofilms. All of these patients should benefit by eliminating or slowing down the progression of the lid biofilm with yearly electromechanical debridement.

We can do so much better in eye medicine by preventing damage to the critically important meibomian glands, rather than reacting to the damage once it is already done. Routine, electromechanical debridement of lids after age 50 (sooner in at-risk patients) should become as commonplace as routine dental cleaning, if we are to accept our new role as protectors of the meibomian glands and preventers of MGD.

One should imagine how much better pharmaceutical preparations intended for the lid margin would work without an impenetrable biofilm plugging the meibomian glands or blocking the lash follicles. How much better would topical cyclosporine work if it could better access the lid margin or meibomian glands? We have tried to make this disease so complicated for so many years when the simple answer has been right in front of our slit lamps the entire time. But as the most famous doctor in history once said, "Sometimes the questions are complicated and the answers are simple" (Dr Seuss). The answer here is also simple: The biofilm should be removed. A thorough electromechanical debridement and exfoliation of the lid margin should be performed. The meibomian glands and the rest of the lid structures should be given a chance to heal and a chance to return to normal function without the constant onslaught of inflammation from the biofilm's virulence factors.

We should examine the amazing job that dentistry has done in educating society as to the importance of oral hygiene. Over 100 years ago, no one brushed their teeth or practiced any form of regular oral hygiene. After 20--30 years of chronic gingivitis, gum disease caused teeth to loosen and eventually fall out. Everyone had full sets of dentures in those days. If dentistry can effectively treat gingivitis and eventual tooth loss with patient education, and regular and routine oral hygiene, why cannot eye doctors effectively treat blepharitis and eventual meibomian gland loss? It is now possible, but it must start with a new understanding of this chronic disease, and an active role by the eye doctor in performing regular MBE procedures on all patients, particularly those at higher risk.
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![Schematic of the six steps to dry eye blepharitis syndrome (DEBS). Shows the evolution of bacteria to forming a biofilm leading to the development of DEBS.](opth-10-2455Fig1){#f1-opth-10-2455}

![Schematic showing quorum sensing and the development of two types of bacteria ie, planktonic and biofilm formers and how the latter can sense when there are sufficient numbers to liberate genes leading to increased inflammation. Reproduced with permission from Montana State University Center for Biofilm Engineering (<http://www.biofilm.montana.edu/biofilm-basics/key_characteristics_of_biofilms.html>).[@b93-opth-10-2455]\
**Abbreviation:** HSL, homoserine lactone.](opth-10-2455Fig2){#f2-opth-10-2455}

![Scanning electron microscopic photograph showing biofilm on the lid margin with some accumulation at the base of the eyelash. Copyright © 2016 Photo Researchers, Inc.[@b94-opth-10-2455]](opth-10-2455Fig3){#f3-opth-10-2455}

![Clinical slit-lamp photograph showing the "volcano" sign that occurs as edematous follicular tissue swells up around the base of the eyelash.](opth-10-2455Fig4){#f4-opth-10-2455}

![Clinical slit-lamp photograph showing that as the lash grows, small pieces of biofilm adherent to the lash will be pulled off of the lid margin.](opth-10-2455Fig5){#f5-opth-10-2455}

![Section of the eyelid showing involvement (red dots) of the lash follicle and the meibomian gland. Nonobvious meibomian gland dysfunction can be thought of as a layering of biofilm within meibomian gland without pouting or capping of the meibomian gland orifices. Adapted from *Anatomy of the Human Body*.[@b92-opth-10-2455]](opth-10-2455Fig6){#f6-opth-10-2455}

![Section of the eyelid showing involvement (red dots) of the lash follicle and the meibomian gland with spillage onto the lid margin evidencing pouting or capping of the meibomian gland orifices showing obvious meibomian gland dysfunction. Adapted from *Anatomy of the Human Body*.[@b92-opth-10-2455]](opth-10-2455Fig7){#f7-opth-10-2455}

![Schematic of the eyelid showing glands of Krause (red dots) in close proximity to the meibomian glands. These patients with either obvious or nonobvious meibomian gland dysfunction have diseased meibomian glands but still healthy accessory glands of Krause and Wolfring. Copyright © 1970 American Academy of Ophthalmology.[@b95-opth-10-2455]](opth-10-2455Fig8){#f8-opth-10-2455}
